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(54) FoiTOOlectrIc charge^nsport liquid cry&tal nrtatorial 



(57) There is provfcled a femoe^edrlc chariga-trans- 
port liquid cry&tal matorlal comprising a liquid crystal 
compound, the fK^uid crystal material having a carrier 
mobility of not leea than io~^ cm^A/s. 

There are further provided an Image display devkre, 
an elactrolummesoence device, a pho(oconduoior, a 
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space tight modulating device, a ttiln-fHm transistor, a 
photosensor, and a photorafiacthre device each com- 
prising the femielectrio charge-transport liquid orystal 
materlat. 
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Description 

[COM] The pre$ont Invention relates to © liquid crystal 
material, and more particulariy to a teiPOBlBctric charge- 
transport liquid crystal material, which exhibits fome- s 
ledrlc llquM aystaflinity and. in addition* charge-tnand- 
port properties* and various elements or devices using 
the material. 

[0002] Liquid crystal materials having vartog? struc- 
tures are known tn the art, and have been widely used 
mainly as materials for Information display devices 
using electro-optic ef^ct based on the alignment effect 
of liquid crystal molecules attained by application of 
vollage. Further, application of liquid crystal materials to 
optical shuttars, optical stops, modulating devfces, 
lenses, light beam deflection/optical switches, phase 
diffraction gratings, optical logic devices, memory 
devices and the nice are under study. 
[0003] Extemal stimulation by heat, eloctric field, mag- 
netio field, pressure or the like results in transition of the 
alignment of liquid crystal molecules which enables 
optical properties, electric capacity and the like of the 
liquid crystal to be easily changed. Sensors and mQa&- 
uring instruments, utilizing these properties, for temper- 
ature, electric field/voltage, infrared radiation, ultrasonic 
wave, flow rate/acceleration, gas or pressure have been 
studied in the ert, 

[0004] Charge-transport materials, wherein charge- 
transport molecules which serves as a charge-transport 
site are dissolved or dispersed In a matrix material, such 
as a poiycarlMnate resin, or charge-transport materials, 
wherein a charge-transport molecule structure pendent 
on a pdymer main chain, such as polyvinyl cartiazDia, 
are known in the art. These materials have been exten-* 
sfveiy used as materials for photoraceptors in copying 
machines, printer? and the lilce. 
[0005] When the conventional charge-transport mate- 
rials are dispersive charge-transport materials, what is 
desired for improving the charge-transport capability Is 
high sofublllly of charge-transport molecules in poly- 
mers as ttie matrix. In fact, however, high oonoentration 
Of the charge-transport molecule in the matrbc causes 
crystallization of the charge-transport molecule, and, 
hence, the upper limit of the concentration of the 
charge-transport molecuie In the matrix Is generally 20 
to 50% by weight although it depends upon the type of 
the charge-transport molecule. This means that not tess 
than 50% by weight of the whole material Is accounted 
for by the matrix not having the charge^transport proper- 
ties. This poses a problem that in the form of trims, the 
charge-transport properties and the response spaed 
are restricted by the matrix and hence are unsati^O- 
tory. 

[OOOfi] On the other hand, in tha case of the pendant 
type chatge^transport polymer, the proportion of the 
pendant having charge-transport properties Is high. 
This polymer, howaMer, Involves many practical prol> 
lems associated with mechanical strength, environmen- 



tal friendliness and durabfiity of the formed film, end 
film-forming properties. In this type of chergo-transport 
material, the charge-transport pendants are locally 
present close to one another, and tWs portion, whan 
charges are hopped, serves as a stable she and lOno- 
tions as a kind of trap, unfavorably resulting In lowered 
charge mobility. 

[0007] AH the above amorphous type charge-transport 
materials raise a problem that, unlike crystal materials, 
the hopping site fluctuates in terms of space, as welt as 
In tanms of energy. For this reason, tha charge transport 
properties depend greatly upon the concentration of the 
charge-transport site, and the canler mobflity Is ganar- 
ally about 1 X 10"^ to 1 X 10"^ cm^A/s which is much 
smaller than that of molecular crystals, 0.1 to 1 cm^A/s. 
Further, the amorphous materials have an additional 
problem that the charge-transport properties depend 
greatly upon temperature and field strength. 
[0008] This is greatly different firom charge-transport 
crystal materials. Charge-transport polycrystalline 
materials are promTsrng materials In applications Where 
a charge-transport layer having a lainge area Is neces- 
sary, because It can form an even chaige-transport film 
having a large area. The polycrystalline materials, how- 
ever, are inherently uneven from the mrcroscopic view- 
point, and involves problems Including that def^s 
fbrmed in the Intertaca of particles should be controlled. 
[OOOS] Accordingly, it is an object of the invention to 
provMe a novel charge-transfer material which can 
soivs the problems of the prior art, that is, possesses 
both advantages of amorphous materialSi structural 
flaxibmty and evenness over a targe area, and advarn 
tages of the crystalline materials, ntdecylar alignment, 
and at tha same time can realize the control of charge" 
transport properties by an external field and possesses 
high level of charge-transport properties, thin-'film form- 
ing properties, various festness properties and the like. 
[0010] Acconding to one aspect of the present Inven- 
tfon. there Is provided a ferroelectric charge-transport 
liquid crystal material comprising a liquid crystal oon>- 
pound, said Hquld crystal material having a carrier 
mobility of not less than 10'^ cm^A/s, and appllcatkxis 
thereof. 

[001 1] The liBrroelBctrlc charge4rafisport liquid crystal 
material of the present invention has a self-aligning 
property by virtue of the molecular structure. TTierelbre, 
uintiice the molecule ^persed material, uee thereof as a 
hopping site Inhibits spatial and energetto dispersion of 
the hopping site and can realize band-like b^spcrt 
properties, that is, electron corrductlan, such as found In 
molecular crystals. This can offer a feature that larger 
mobnity than that in the oonvehtkinal molecule dis- 
persed ntaterlals can be realized and the mobnity does 
not depend upon the eledrfo fleki. Further, by virtue of 
the self-polartzation, the seff-aligm'ng properties can be 
controlled by an external field, and a change in property 
values as a result of the control of the self-allgntoig prop>- 
erties can also be oontroNed. That is, the feitosledric 
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char^transport liquid crystal matfirtal has tvquid crye- 
lailinity and at tha sama tfme can transport charges In 
response to visible light- Therefore, the ferrodectrtc 
charge-transport tk^ld crystal material is useful in the 
applications of the oonv^ntiGnal liquid crystaK as well as $ 
In matsrials for applications utilizing charge-transport 
properties, such as photosensors, electroluminescence 
devices, ptKitoconductors, space modiriafing devices, 
thin-fllm transistors, photoreftsctlve devices, and other 
sensors. In particular, the fern}el9ctrlc charge-transport to 
liquid crystal material aooordlng to the presant Invention 
has excellent sensHlvlty to visible lights and hence is 
useful as materials for photosensors. 

Fig. 1 1s a schematic diagram of one embodiment of t5 
the photosensor aooordlng to th© present invention; 
Fig. 2 is 8 schematic diagram of another embodi- 
ment of the photosensor according to tha present 
invention; 

Pig. 3A Is a schematic diagram of still another 20 
embodiment of the photosensor acconfing to the 
present invention; 

Fig. 38 is a schematic diagram cf a further embod- 
iment of the photosensor according to the present 
Invention; 25 
Fig. 4 is a schematic diagram of one embodiment of 
the Image display device according to the present 
invention; 

Fig. S Is a schematic diagram of another embodi- 
ment of the Image display device according to the 30 
present invention; 

Fig. 6 is a schematic diagram of a further embodi- 
ment of the image display devfoe according to the 
present InvanUon; 

Fig. 7 is a schematic diagram of one entbodlment of 35 
the electrohimlnescence device aooordlng to the 
present Invention; 

Fig. 8 is a schematic diagram of another embodr* 
ment of the electroluminescerrce device ecoocdlng 
to the present invention (provided with an electrode 40 
pattern); 

Rg. 9 is a schematic dbgram of still another 
embodiment of the electnolumlnescence davlce 
according to the preserrt Invention; 
Rg. 1 0 is a schsmatie diagram of a further embodi- 45 
ment of the electroluminesoence device according 
to the present invention: 

Fig. 11 Is a schematic diagram of one embodiment 
of the space modulatrng device according to the 
present Invention: so 
Fig. 12 Is a schematic diagram of one embodiment 
of thie thin-film transistor according to the present 
invention; 

Fig. 13 Is a schematic diagram of another embodi- 
ment of the thtn-f3m transistor acooiding to the SS 
present invention: and 

Figs. 14 and 15 ate dtagrams showing charge- 
transport properties of the charge-transport mate- 
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nal according to tlie present invention. 

[0012] in the drawings, numeral 11 denotes an infor- 
mation recording layer, numeral 12 a spacer, numeral 
13 a transparent electrode, numeral 13' an electrode 
(counter electrode), numeral 14 a csharge-transport 
leyer, numeral 14* a charge generation layer, numeral 15 
a transparent substrate, numeral 15' a substrate, 
numeral 16 a llght-emrtting layer, numeral 17 a protec- 
tive layer, numeral 1d a spacer, numeral 20 a dialeCtriG 
layer, nunieral 21 a glass plate, numeral 22 a polarizing 
film, numeral 23 a liquid crystal layer, numeral 31 a gets 
electrode, numeral 32 agate dtelactric layer, numeral 33 
a source elecb-ode, and numeral 34 a drain electrode. 
[001 3] The present Invention will be described In more 
detail with reference to the following prefen^ embodi- 
ments. 

[0014} Liquid crystal compounds possessing charge- 
traneport properties and fiermelectrlcHy usable In the 
present Invention have a carrier mobility of not lass than 
1 X 10"^ cm^A/s and fndude those having an electron 
mobffity of not less than 1 x 10^ cm^/Vs, preferably not 
less than 1 x 10^ cm^/Vs. and those having a hde 
mobility Of not less than 1x10* cm^A^s, profiaraWy not 
less than 1 x 10*^ cm^/Vs. When the carrier mobility Is 
less than 1 x 10"^ cm^A^s, ofTectivo electron conduction 
cannot be obtained and, In this case, the conduction is 
governed by ion conduction. Preferably, the liquid crys- 
tal compound has (arorr^tic ring of slectnTn sys- 
tem)!, (aromatic ring of 10n electron dystem)^ and/or 
(aromatic ring of 14ic eleotron system)n (wherein 
I •«> m n B 1 to 4 and I. m. and n each are an integer of 
0 to 4) in the core. When the liquid ciystal compound 
has a plurality of aromatic rings of the above types, the 
aromatic rfngs mey be of the same type or different type, 
and linked fo each other or one another either dtiedly or 
through a linking group having a carbon-carbon double 
bond or a cart)on- cartoon triple t>ond. Aromatic rings of 
Gtc electron system include, for exannple, a benzene 
ring, a pyHdine ring, a pyrimidine ring» a pyridazine ring, 
a pyrezlne ring, and a tropolone ring. Aromatic rings of 
lOff electron system include, for example, a naphtha^ 
lene ring, an azulena ring, a banzcfuran ring, an Indole 
ring, an indazote ring, a benzothtazde ring, a benzox^ 
sole ring, a benzolmidazole ring, a qulnollne ring, an 
rsoquinolrne ring, a quinazoiine ring, and a quinoxaline 
ring. Aromatic rings of I4]r electron system lncrude» for 
example, a phenanthrene ring and an anthracene ring. 
According to a preferred embodiment of the present 
invention, the liquid crystal compound has biphenyl, 
ben2}thiazDle, (-ttrlophena, or 2-phenytnaphthalene In 
the core. Among others, preferred is a liquid crystal 
compound having such a rod-like nxMecular structure 
that a 2-phenytnephthalene ring is present in the core 
and the benzene ring and the naphthalene ring each 
have an optbnally sut»tituted alkyi, alkoxy or other 
group as a skte chain. More prerfeiaUy, the liquid crystal 
compound has a chiral portion in any of its skle chains 
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and can develop ferroelectrlctty. 
[0015] Tha fBrroefactrlc chaige-iransport meterlal may 
be a polymer liquid crystal containing the feiroetactric 
Ikjuid cryetat compound In its main chain and/or dide 
chain. In the case of the polymer fiquld crystBl In many 5 
cases, the molecular alignment In the molten state is 
fixed as It is even at a iemperatiire below the melting 
point, leading to an advantage that the moldabilrty and 
the fllm-forminQ properties can be imparted while main- 
taining high photoconductivity. A comparison of an 
SwC* phase with an SmA phase was made for the 
charge-transport pn^perties of the fenoGlBctric liquid 
crystal according to the present Invention. Fig. 14 Is a 
graph showing a transient photocument wajveform of the 
SmC* phase. Fig, 15 is a graph showing 1^Tt, wherein Tt 
represents the transit time of a earner, as d function Of 
V/d^, wherein v represents the applied voltaga and d 
represents the cell thickness, (or positive carriers Of the 
SmC* phsee and the SmA phase. As Is apparent from 
Fig. 15, V/d^ is proportional to Iht. indicating that the 
mobility does not depend upon the applied voltage. The 
same results were obtained for negative carriers (not 
shown). Further, it Is oonsideFBd that the helix of the 
SmC" phase has been loosened by the applied voltage. 
The mobility of the SmG* phase, which is substantiaRy 
the same as that of the SmA phase, suggests that there 
Is no difference In charge4ransport properties between 
the SmC (SmC*) phase and the SmA phase. That is. 
the above feet suggests that good carrier transport can 
be realized without Influence of the difference in molec- 
ular alignment between the SmC phase and the SmA 
phase in the smactic phase on the mechanism of hop- 
ping conduction anrang canrier moteoules. 
[0016] The fsToelectrlc ctiar]g^transport liquid crystal 
material is useftil for various applications Including pho- 
tosensors, electrolunitnescenoe devices, TFT devices, 
swftching devices, photoc3Dnductars. Image display 
devices, space modulating davtees, thln^im transistors, 
ar)d photoief^cttve devlcest 

[0017] The flenoelectric charge-transport liquid crystal 
material acoording to the present invention has high 
carrier mobility and can inhibit the formation of stmo- 
tural traps. TherBfore, photosensors having high-speed 
response may be mentioned as the first application of 
the fBTToeiectric cherge-frensport Hquld crystal material 
acconiing to the present invention, in particular, sinoe 
the f^rroelectrrc charso-transport liquid crystal material 
has polarizing properties, the application thereof to pho- 
tosensors having highspeed response, which can real* 
ize ON-OFF control by polarlzGd light, Is considered. 
Next, by virtue of exoellenl charge-transport properties, 
the fenoeledric charge-transport liquid crystal material 
can be used as a charge^transport layer in etectrolumi- 
nescence devices. Further, since the fenro^ctric 
charge-transport liquid crystal matalal has self-aligning 
properties, tight emission Is such that the emission 
intensity vgiri©^ from direction to dfrectlon and the emit- 
ted light is like poiarfzed light. The direction of the emis- 



^on can be varied by varying the polarity of the electric 
field. Therefbre, the ferroelectric charge-transport liquid 
crystal material can ^nctiDti also as optical switches . 
Furthermore, sinoe the electric field alignment and the 
photoconductivity can be simuHaneously switched, the 
feffroeiecb-lc charge-transport liquid crystal material can 
be used in image display devices This leads to the appli" 
cation of the ferroelectric charge-transport liquid crystal 
material to novel compel devices which have these 
functions in one device, In particulBr, utilization of two or 
more stable states of alignment In the t^oelectrlc liquid 
crystal material, which appear In the alignment mode 
and the applied voltage wavefdfm, can realize the fol- 
lowing applications of the 1^m>alectrlc chargs-tiansport 
liquid crystal material aocording to the present inverv 
tion. 

1. Photosensors 

[0018] For each of the stable states of alignment, in a 
comparison Is made based on even strength of applied 
electric field, a dear photocurrent signal can be 
obtained when the direction of the tight absorptton axis 
of liquid crystal molecules coincides with the direction of 
the plane of polarization of light applied Ibr imparting 
phdooonducttvlty. That la, photosensors can bo real- 
ized which can Select the plane of polarization of an 
optical signal to be detected through ihe utilization of 
polanty of the waveform of voltage applied to the dsvlce. 

2. Light emitting devices for switching of plane of pdari- 
zation 

[0019] Since the direction of alignmant of the ferroe- 
tectrlc liquid crystal can be stably conttotted by the 
polarity of the wawafiorm of applied voltage, the plane of 
polari^Oon In use as light emitting devices can be 
selectfvely conirolied. 

[0020] Figs. 1 , 2, 3A and 3B are explanatory views of 
reprasentat'rve embodiments of the application of the 
fen^elecolc charge-transfer liquki crystal rrstenal 
according to tfie present Invention to photosensors. The 
photosensors each comprise an electrode(s) 13, 13' 
and a charge-transport layer 14 formed of the ferroelec- 
tric d^arge-tnansport liquid crystal material acoording to 
the present Inventioa As shown in Fig. SB, the photo^ 
sensor may have a protective tayer 17. A change in cur- 
rent values upon light inadiation can be utilized flor 
applications of the ferroelectric diatge-transport liquid 
crystal material to photosensors. 
[0021] Fig. 4 is a schematic diagram illustrating a mp- 
resentatlve embodiment of the application of the ferroe- 
lectric charge-transport liquid crystal material to an 
wnage dsplay device. The display device com- 
prises: a bansparent substrate 15 of glass or the like; 
and, provided on the transparent substrate IS in the fbt- 
lowing order, a transparent electrode 13 of ITO Ondlum 
tin oxide) or the ttke* a charge generation layer 14' capa- 
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biB of generating carriers In rssponse to exposure, o 
charge-transport layer 14 formed of the ferroelectric 
charge-traraport liQUld crystal material according to the 
present invention, and a counter electrode (e gold elso- 
Irode or the like) 13*. Upon Imagewise ^posure (input 
of an Image) thfough the bottom of the device sYiown In 
the drawing, the fenoelectric charge-transport liquid 
crystal material is airgned in response to exposure, per^^ 
mitting can'iers to flow through the counter electrode 
(gold electrode). The input Image can be reproduced by 
optically reading the alignnient of the liquid crystal. 
[0022] r^lg« 5 is a dchenratkc diagram lllustreting an 
embodiment of the application of the ferroelectric 
charge-transport liquid crydtfil material according to the 
present Invention to a charge-transport layer in en 
image recording device. As shown In Fig. 5, pattern 
exposure Is canled out from the top of the device In the 
drawing while applying a voHage to upper and lower 
electrodes 13, 13'. In a charge generation layer 14', car- 
riera are generated In a pattern form. The carriers trans- 
ported by a charge-transport layer 14 are discharged In 
a space 19 and reach the surface of an Image recording 
layer 11, 

[0023] The image recording layer, for example, may 
be a liquid-crystal polymer composite layer formed of a 
composite oomprising a fisrroelectric liquid crystal and a 
polymer. The liquid crystal is aligned in a pattern form In 
en electric field by stored charges and stored, and can 
t>e optically read. 

[0024] Fig. 6 Is a schematic diagram fllustratmg a tur- 
thcr embodiment of the application of the faroelectrlc 
charge-transport liquid crystal material to an image dis- 
play device. As with the embodiment shosvn In Fig. 5, in 
the embodiment shown In Rg. 6, exposure is carried out 
while applying a voltage. Generated charges (image) 
are stored on the upper surlbce of a dielectric layer 20 
and can be optically read. 

[0025] Figs. 7 to 10 are diagrams illustrating repre- 
sentathro embodiments of the application of the ferroe- 
lectric charge^transport liquid crystal material according 
to the present Invention to electroluminescence 
devices^ The simplest structure of the efectrolumine^ 
cenoe devioe fe as shown in Fig. 7. In this embodiment, 
a llght-emittfng layer 16 serv^ also as a charge-trans* 
port layer 14, arKi is sandwiched between a cathode 
and an anode. In this case, in order to provide intense 
light emission, pref^bly. the cathode material, which 
functions to Inject electrons, has a small work function, 
while the anode material has e woric function equal to or 
larger than the cathode material. 
{D02$| Anode materials usable herein include, fix 
example, ITO, Indium oxide, tin oxide (doped with anti- 
mony; arsenic, or fluorine), Cd2Sn04, zine cxlde. or cop- 
per iOCBde. Cathode materials usable herein oTdude, for 
example, alkali metals and alkafine earth metals, for 
example, sodium, potassium, magnesium, and llttiiun\ 
sodiunvpotassium alloy» magneslurrvindium alloy, mag- 
nesium-silver alloy, aluminum, gold. sRver. gallium. 



rrxjium, and copper, and, In addition, the materials 
described above in connection with the anode material. 
[00271 The material used in the llght-emltfing layer 
and the charge-transport layer comprises the Charge- 

s transport liquid crysta) material of the present Invention 
and a light-emitting material. Preferably, the diarge- 
transport liquid crystal material is a material capable of 
transporting both an elBctron and a hole or a mixture of 
an electron-transport material with a hole-transport 

10 material. However use of a material capable of Irans- 
porting any one of the electron and the hole suffices for 
utilization of light emission at the electrode interface. 
When the liquid crystal per se is fluorescent, the light- 
emitting material is not particuiariy necessary. Many 

tS cases where the core of the liquid crystal comprises an 
orgsnlc dye compound having intense ftuorescenoe In a 
solid state satisfy the above requirements. 
[QQ28] Dye materials h aving high fluorescent quantum 
efficiency may be used as the light-emltting meterlel. 

20 and examples thereof include laser oscillation dyes, 
such as diphenylethyiene derivatives, triphenylamine 
derivatives, diaminocarbazole derlvat^es, biestyryl 
derivatives, benzothlazxTle derisratlves, benzoxazole 
derivatives, aromatic diamine derivatives, quEnecridone 

25 compounds, perylena compourwis, oxadlazDlB derlva- 
tlves, Goumarin compounds, enthraquinone derivatives, 
and IXM'^ . The l^ht-emittlng material Is added fn such 
an amount as will not break the liquid crystalllnHy of the • 
ferroelectric charge-trarisport liquid crystal material 

3^ according to the present Invention, preforebly in an 
amount of about 0.01 to 30% by weight based on the 
ferroelectric charge-transport liquid crystal material 
according to tha present invention. 
[0029] In the case of the layer construction as shown 

35 m Figsw 9 and 10, the thidaiass cf the llght-emltttng layer 
16 is such that the electron or hde transport is not inhib- 
ited. The thickness of the light-emitting layer is prefera- 
bly 0.2 to 15 \Lm, TTte layer thlclcness may be regulated 
by incDrporation of spacer particlBS in tha material or by 

40 a sealing agent provided around the oeO. 

[0030] Further, the ferroelectric charge-transport I Iq- 
urd crystal material according to tha present invention 
may be used in a space 6ght modulating device as 
schematically shown in F^. 11. Furthermore, the fierro- 

45 electric charge-transport liquid crystal material accord- 
ing to the present invention may also be used as an 
active layer in a thln-fllm transistor. For example, as 
sliown in Figs. 12 and 13, the liquid crystal material may 
be disposed on a substrate having thereon source. 

so drain, and gate electrodes. 

[0031] TTie iwiowing exampleo further Illustrate the 
present invention, but are not Intended to limit It 

.ExpijiRlaJ. 

55 

[0032] Glass substrates each having an ITO electrode 
(surfece resistivity: 100 to 200 i2/b) formed by vacuum 
film formation were put on top of the other so that the 
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ITO elGCtrodes feced each other white providing a gap 
therebetween using spacer particles* thereby preparing 
a cell. A chiral naphthalene compound liquid crystal 2- 
((SH-<6-nnethyloctyl€)Ky)phenyl}-6-decylnaphthalen9, 
crystaI-54 "C - SmX.83"C.SmC*.l02*»C-SmA-112*C- 
Isa, absorption spectrum peak in a CH2^2 solution: 
262 nm, 295 nm. hellcel pitch 3.6 \im, spontaneous 
poiertz^tion P& = o.G nC/cm^ was poured at 12QX Into 
the cell. 

[0033] The time of firght in the SmX phase, the SmC 
phase, and the SmA phase was carried out using a 
nitrogen laser beam at a wavelength of 337 nm as a 
light source. As a result, ibr both the hole and the elec- 
tron, a clear nondfsperslve waveform could be obtained, 
and the occurrence of a photocurrent could be con- 
firmed, in this case, regarding the SmX phase, the 
mobility was 1.1 x 10^ cm^A/s for both the hole and the 
electron; regarding the SmC* phase, the mobility was 
2.6 X 10*^ cm^/Vs for the hole and 2.4 x 10^ cmA/s for 
the elQctron; and, regarding the SmA phade» the mobil- 
ity was 2.7 X 1Cr* cm2/Va Ibr the hole and 2.6 x 10^ 
cm^/Vs for the electron. 

[0034] The chlral naphthalene compound liquid orye- 
tal described ebove was mi^oed with 1 % by mofe of a flu- 
orescent dye ((3-(2-ben2othiazolyl)-7-(diethylamlno)- 
2l-l-1-benzopyren-2-one (manufeclured by NIhon Kanko 
ShikisD llerl^yusho osdllatton wavelength range 
507-565 nm). The mixture was poured Into the same 
call as described above (cell gap: about 2 um) at 100°C. 
A d.c. electric field of 120 V was applied to the cell in a 
dark place. As a result, light emission derived from the 
fluorescent wavelength of the luminescent dye was 
observed. 

Example 2 

[0039] A oeO was prepared In the sanne manner as In 
Example 1. A chlral naphthalene compound Ik^uid crys- 
tal (2-<4*-heptyloxyphenyl)-6-(6-methyt-1-octyw 
lo»cy)naphthaiene, crystaJ-74 -C-SmX-na ««mc*- 
138 ''C-SmA-142 ''Olso.) was poured into ^e cell at 
150**C. 

p>OZS] The time of flight was carried out in the seme 
manner as in Example 1 . As a result, regarding the SmA 
phase end the SmC' phase, the mobility of the hole was 
3 X 10"^ cm^A^s, and regarding the SmX phase, the 
mobnity of the hole was 2 x 1 0"* cm^Ai^. 

Ctelme 

1 . A ferroelectric chaiga-transport llqukl crystal irate- 
rial comprising a liquid crytel compound, said liq- 
uid crystal material havfng a canler mobility of not 
less then iO-*cm^A/s. 
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electron systBm)fn and/or (aromatic ring of 14tt 
electron system)n (wherein Km-f*n = 1to4 end 
I, m, and n each are an integer of 0 to 4) In the core. 

X The liqukl crystal material according to claim 2. 
wherein the liquid crystal compound has such a 
rod-like molecular structure that a 2-pheniylnaph- 
thalene ring is present in the core and the benzene 
ring and the naphthalene rir)g each hgve an alkyi, 
alkoxy or other group as a side chain. 

4. The liquid crystal material according to claim 3. 
wherein the liquid crystal compound has In its any 
side chain a chlral site. 

5. The liquid crystal material according to any one of 
daims 1 to 4, which Is in ths form of a polymar liquid 
crystal having the liquid crystal compound in Us 
main chain and/or side chain. 

6. An image display device comprising a charge- 
transport layer formed of the material according to 
anyoneofdalmslto 6. 



2$ 7. An eiactrolumlnescBnce device comprising a 
charge-transport layer formed of the material 
according to any one of dalms 1 to 5. 

s. A photoconductor comprising a charge-transport 
30 layer fbrmed of tha material according to any one of 

derms 1 to 5. 

9. A space light modulating device comprising a 
charge-transport layer formed of the material 

35 according to any one of claims 1 to 5. 

10. A thirvfUm transistor comprising a charge-transport 
layer formed of the material according to any one of 
claims 1 to 5. 

40 

11. A photosensor comprising a charge^transport layer 
fbnned of the material according to arry one of 
Claims 1 to 9, 

45 1Z A photorefractive device comprising a charge- 
transport layer formed of the material according to 
anyoneofdeimsl toS. 



so 



2. The liquid crystal materiai according to daim 1, 
Wherein the liquid crystal compound has (aromatic 
ring of 6n electron system)^, (aiomatle ring of 10it 
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